Bright light can cause ocular discomfort and/or pain; however, the mechanism linking luminance to trigeminal nerve activity is not known. In this study we identify a novel reflex circuit necessary for bright light to excite nociceptive neurons in superficial laminae of trigeminal subnucleus caudalis (Vc/C1). Vc/C1 neurons encoded light intensity and displayed a long delay (>10 s) for activation. Microinjection of lidocaine into the eye or trigeminal root ganglion (TRG) inhibited light responses completely, whereas topical application onto the ocular surface had no effect. These findings indicated that light-evoked Vc/C1 activity was mediated by an intraocular mechanism and transmission through the TRG. Disrupting local vasomotor activity by intraocular microinjection of the vasoconstrictive agents, norepinephrine or phenylephrine, blocked light-evoked neural activity, whereas ocular surface or intra-TRG microinjection of norepinephrine had no effect. Pupillary muscle activity did not contribute since light-evoked responses were not altered by atropine. Microinjection of lidocaine into the superior salivatory nucleus diminished light-evoked Vc/C1 activity and lacrimation suggesting that increased parasympathetic outflow was critical for light-evoked responses. The reflex circuit also required input through accessory visual pathways since both Vc/C1 activity and lacrimation were prevented by local blockade of the olivary pretectal nucleus. These findings support the hypothesis that bright light activates trigeminal nerve activity through an intraocular mechanism driven by a luminance-responsive circuit and increased parasympathetic outflow to the eye. Ó
Introduction
Acute exposure to bright sunlight or artificial light is a common environmental stimulus that can cause ocular discomfort and pain [12, 48] . Intolerance to bright light, commonly termed photophobia, is often associated with eye injury [9, 35] or inflammation [8, 41] . Photophobia also presents with several classes of headache [11, 21, 24] and in subjects with no apparent link to headache or eye injury such as trigeminal neuralgia [14] and blepharospasm [15] . Although it has long been held that an intact trigeminal nerve is necessary for photophobia, the mechanisms that link luminosity to the activation of a somatic sensory nerve pathway have remained elusive. Early studies emphasized the importance of peripheral mechanisms and proposed that excessive eye blink or pupillary constriction due to bright light sensitized trigeminal nerves [27] . Central mechanisms also must play a role since spatial summation of the light stimulus increases the discomfort rating in control subjects [48] , while unilateral pain lowers light-induced discomfort thresholds bilaterally in migraine patients [54] . Visual pattern perception is not necessary to experience photophobia [1]; however, some input through the optic nerve is required since intolerance to light due to eye injury is eliminated by enucleation of the eye [9] .
The interior structures of the eye including the uveal tract, retina, and associated blood vessels receive a rich innervation from trigeminal sensory [4,51,52], sympathetic [50] and parasympathetic postganglionic efferent fibers [10, 30] . Sensory, sympathetic and parasympathetic nerves form a close association with blood vessels of the head, an arrangement not commonly seen in other body regions [42] , and may underlie the tight control of blood flow to craniofacial structures [23] . Although many intraocular trigeminal nerve fibers contain calcitonin gene-related peptide, a neuropeptide associated with peripheral nociceptors [44, 52] and light sensitivity in animals [40] , their function remains uncertain. Intraocular trigeminal nerves encode changes in ocular perfusion pressure, temperature and intraocular pressure [33, 57] and are thought to serve mainly ocular homeostatic functions [47, 53] . The notion that intraocular sensory nerves also mediate non-visual sensations has not been adequately tested.
Recently we reported that acute exposure to bright light increased the number of Fos-like immunoreactive neurons in superficial laminae of trigeminal subnucleus caudalis (Vc/C1) [39] . The Vc/C1 region shares many features with the spinal dorsal horn and is the main zone of termination for small diameter sensory nerves that supply craniofacial tissues including the eye 
